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the actual number of organizations is different than the expected number of organizations under the null hypothesis of no national technological specialization. This provides evidence on the extent to which a scientific discipline is over-or under-represented in a given country. A negative number indicates that the actual number of organizations is less than the expected number of organizations for that country. Column 5 provides the country-discipline contribution to the chi-square and provides an index of the degree of scientific specialization of each country 11. If a country has no scientific specialization, that is, the same percentage distribution in a scientific discipline as the rest of the European Community, the chi-squared value would be zero. The larger the absolute value of the chi-square, the greater the evidence of scientific strength or weakness.
There is evidence of a high degree of specialization in scientific disciplines among countries. The highest degree of specialization observed is for Environmental Engineering in Italy. There are 566 organizations in this scientific discipline in Italy; this was 45.9% greater than expected. Based on the overall chi-square value, we conclude that the observed patterns of distribution of scientific disciplines among countries are not random. The configuration of knowledge among industries and countries appear to represent distinct competencies. 
Codifiability of R&D Outcomes and the Organization of R&D Programs
The endeavor to create useful knowledge is often uncertain and there are questions about how to best organize research programs to best advance scientific and commercial interests. Knowledge, rather than being a homogenous good, appears to vary in terms of tacitness or codifiability across different technologies and this affects the organization of the R&D program (Von HIPPLE [1994] ). Knowledge with a low degree of tacitness may be easily standardized and codified and such knowledge may be easily transmitted via journal articles, project reports and prototypes and other tangible mediums. In contrast, tacit knowledge has a higher degree of uncertainty and the precise meaning is more interpretative and is not easily conveyed in a standardized medium. As a consequence, when the knowledge used in an R&D program is more tacit in nature, face to face interaction and communication are important, and we may expect that R&D programs are likely to be centralized both in terms of their administrative and geographic organization. That is, the more easily codified and articulated the knowledge is expected to be, the greater the degree of decentralization both in administrative and geographic organization. Although previous investigators have hypothesized that tacitness encourages geographic and administrative concentration, there have been few attempts in the literature to measure tacitness. Fortunately, several indicators of the degree of tacitness of European Community RTD programs can be derived from the CORDIS databases. Some projects result in prototypes that might be easily transferred while others result in know-how that is novel and less able to be transmitted. Other outcomes, such as technical reports or new processes, move along the tacitness continuum by being more easily transferred but still requiring some face-to-face collaboration before the results may be adopted.
Previous authors have argued that geographic centralization or localization facilitates the communication of knowledge in the invention
In this section, we characterize technologies as to their degree of codifiability and then analyze the relationship of this attribute to the degree of administrative and geographic centralization. We expect that programs that rely on tacit knowledge will be more administratively centralized and encompass fewer unique and separate projects. We also expect that, the more difficult knowledge is to codify, the greater the degree of geographic concentration. Programs that yield processes and prototypes are much less centralized than programs that yield the less-well articulated "methodology, skill, and know-how". program funding-are reasonable indicators of the degree of codifiability (or articulability) of the knowledge it generated. The estimates are consistent with the hypothesis that greater (expected) ability to communicate research outcomes encourages less centralized R&D programs. R&D programs that generated above-average numbers of results per unit of funding tended to be more geographically decentralized. Moreover, programs that yield (relatively tangible) processes and prototypes are much less centralized than programs that yield the less-well articulated "methodology, skill, and know-how".
